We report on the numerical investigation of the resistive sensor for the 78-118 GHz range. A three-dimensional finite-difference time-domain method was applied to simulate the wave propagation within a waveguide segment with the semiconductor sensor attached to a wider wall of the wave--guide. The electric field distribution, voltage standing-wave ratio and the average electric field dependences on frequency have been determined for several sets of dimensions and specific resistances of the sample. It is demonstrated that a proper selection of the dimensions and specific resistance of the sample can compensate the waveguide dispersion and the decrease of the electron heating effect with frequency. Therefore, a nearly constant sensitivity of the sensor can be obtained for the entire frequency range.
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Introduction
Generation of microwaves in a millimeter range progressed largely in the last decade. High power microwave (HPM) pulsed sources generating subnanosecond duration hundred of kW and even MW pulses are either available in laboratories or being under development now [1, 2] . This imposes new requirements for the diagnostics of such pulses since the standard measurement methods using semiconductor diodes are of little use in this case. One of the possible solutions might be a resistive sensor (RS) the performance of which is based on the electron heating effect in n-Si. The waveguide type RS shows itself as an attractive device for HPM pulse measurement in a centimeter wave region [3] . It measures HPM pulses directly, it is resistant to large power overloads and demonstrates a very good long-term stability. The RS can produce an output signal on the order of a few tens of volts without any amplification circuit. It can be done sufficiently fast to measure nanosecond duration HPM pulses. The RS can be employed in the millimeter range as well, since the electron heating effect in n-Si disappears in THz region [4] . Unfortunately, a simple downscaling of the successful RS design at low frequency in order to obtain a resistive sensor for the millimeter wave region is difficult if not impossible to realize due to numerous mechanical manufacturing problems. In the present paper we propose a new type of waveguide RS that is suitable for HPM pulse measurement in the millimeter wave region.
Concept of the sensor
The sketch of proposed RS is shown in Fig. 1 . It is seen that it consists of two sensing elements mounted in a close proximity to each other. Upper contacts of the sensing elements are connected in short with thin metal foil. The lower contact of one of the sensing elements is grounded while the other one is isolated and is used for the RS feeding and output signal measurement. Actually, the sensing elements are connected in series in respect of the dc circuit but in parallel in respect to the microwave electric field. Electric field of microwave pulse heats electrons in the sensing elements, their resistance changes and by measuring this resistance change, microwave pulse power in the waveguide is determined.
In this contribution we report on the sensor optimized for the waveguide dimensions of a = 2.4 mm, b = 1.2 mm and 78-118 GHz frequency range. The electromagnetic wave propagating in the section with semiconductor sample shown in Fig. 1 was modeled for several sets of dimensions and specific resistance of the sensing elements. The choice of their parameters is restricted by the practical requirements for the RS design. Total resistance of the RS should be less than 50 Ω and the voltage standing wave ratio < 1.2.
Dependence of the RS sensitivity on frequency
The dependence of the output signal of the RS on frequency f can be expressed in the following way [3] :
Here U 0 is the dc voltage drop on the RS, β * is a warm electron coefficient defining the deviation of the current-voltage characteristic from Ohm's law and E 2 (f ) is an average of square of the electric field amplitude within the sensor.
A warm electron coefficient is dependent on a frequency and this dependence can be expressed like:
where β is the warm electron coefficient in the dc electric field and τ ε = 2.9×10 −12 s is a phenomenological energy relaxation time for n-Si in room temperature. In addition, the frequency dependant relation between the amplitude of E y component of H 10 wave in the center of the empty waveguide and the transmitted power P has to be taken into account when designing a sensor for power measurement applications:
where f c is cut-off frequency of the waveguide. As could be seen from (1)- (3) the output signal of the RS decreases with frequency. Thus the increase of the average electric field in the RS is desirable to compensate the decrease of the sensitivity.
Simulation results and discussion
Traditional FDTD simulations [5] were employed to determine E 2 (f ). They were performed for several sets of device shapes, specific resistances and frequencies (Fig. 2) . As all other dimensions being equal, the average electric field amplitude within the sensor rises when specific resistance increases. For most sensors field E substantially increases when frequency is growing. However, for the longest sensor (l = 0.6 mm) with specific resistance 2 Ω cm a clear exception is observed. The increase of the average amplitude is noticed at lower frequency only, whereas in the frequency range of 98-118 GHz E becomes nearly independent of frequency. As a result the dependence of the average amplitude on frequency for this particular sensor is much closer to the ideal sensor than others (Fig. 2 right) .
To clarify the observed behavior, a more detailed study of resonant features of the sensor was performed. Results of calculations are shown in Fig. 3 . As one can see, a sharp resonance peak is observed at 90 GHz for high specific resistance sensor. A corresponding distribution of the electric field amplitude is presented on the right part of the graph. The average electric field amplitude is dramatically reduced by increasing losses in the RS by decreasing its specific resistance. It seems that this resonance is responsible for observed dependence of E on frequency for the RS made of 2 Ω cm. The second resonance pike observed at 160 GHz has little influence on average amplitude within the 78-118 GHz range.
In summary, our calculation has revealed that properties of the RS can be substantially improved by employing its resonant properties: by changing the resonance position in the frequency scale and controlling losses by selecting specific resistance. Therefore, the RS having nearly constant sensitivity in a waveguide's frequency range has been proposed. A similar design of the RS can be used for other frequency bands as well.
